Energy detection is a reliable non-coherent signal processing technology of spectrum sensing of cognitive radio networks, which thanks to its low complexity, no requirement of priori received information and fast sensing ability etc. Since the excellent performance of energy detection would be actually affected by physical multipath fading, this paper is concentrating on characteristics analysis of energy detection over composite   shadowed fading channels. The small-scale and line-of-sight   fading distribution consists of particular examples such as Rayleigh, Hoyt, Nakagami-m and one sided Gaussian distributions. Based on this, we derive the probability density function of signal envelope and signal-to-noise ratio of the composite   shadowed fading channels, which could accurately present the line-of-sight shadowed fading characterization. Subsequently the exact close-form expressions with infinite series formulation for the appropriate detection probability have been firstly extended to estimate detection capacity of the above-mentioned model by adopting Inverse Gaussian asymptotic distribution. In addition, the absolute truncation error is deduced for evaluating minimum detection efficiency. The established model can be also applied in detection estimation with non-integral fading parameters. Last but not least, the analytical results and quantification performance are approved by numerically evaluation with MATHEMATICA and MATLAB as the power variables of dominant components changes.
I. Introduction
Energy detection (ED) is the emerging efficient and popular spectrum sensing (SS) skill in cognitive radio networks (CRs) and ultra wide-band (UWB) systems, which has the advantage in low-complexity, non-coherent detection and implementation simplicity. The received and sampled signal energy levels in an observation time window have been compared to the predefined energy threshold of ED radiometer to determine whether the unknown signal is present or absent [1] [2] [3] [4] [5] distribution [1] . After that, due to the excellent properties of ED, Kostylev considered ED means extensively associated with classical fading channels such as Rayleigh, Rician and Nakagami-m etc in radar systems and UWB communications, but only integer values are adopted in fading channels [6] [7] [8] [9] . Next, Alouini et al. algebraically derived the close-form expressions for the average probability of detection or miss detection m P ( 1 md PP  ) over single-channel and multi-channel fading scenarios [7] . Next, ED that was performed in fading channels with merging mode of versatile gains as maximal ratio combining (MRC), selection combining (SC) and equal gain combining (EGC) had been analyzed in [10] [11] [12] [13] [14] [15] [16] [17] to identify the presence or absence of deterministic signal and activity state of authorized users. Hence, it is reasonably meaningful to operate ED method in the presence of fading channels, which could widely mitigate the current spectrum scarcity and improve the utilization of allocated spectrum resource in the wireless communications.
On the other hand, the generalized fading pattern   distribution has provided adequate small-scale characterization for multipath line-of-sight (LOS) communication environment, it includes special cases as Nakagami-m, Rayleigh, Rician and one-sided Gaussian distributions, then   extreme distribution could be deduced to accurately characterize mobile radio propagation under severe fading conditions [18] [19] [20] [21] . Furthermore, remarkable fading models   ,   ,     etc were proposed subsequently to taken into account that providing adequate fittings to field measurements is highly effective in multipath fading channels [22] [23] [24] . However, fading models that are discussed above often occur with shadowing effects and could not be availably represented with multipath shadowing feature, it is necessary to introduce composite shadowed pattern to explore the actual shadowed statistical characterization. Based on this, several composite fading channels applied to ED have been recently represented as Nakagami-m/ shadowed,   /shadowed,   /shadowed in Ref. [25] [26] [27] [28] [29] [30] [31] . Moreover, to a certain extent log-normal distribution can replace the gamma distribution for more effective shadowing effect to better evaluate the shadow degree [30] , but implement is rather intractable because of inconvenient algebraic representation. Therefore, it is meaningful to overcome the shortage of the log-normal shadowed model [31] [32] [33] [34] [35] and analyze the performance of ED that is performed in generalized shadowed channels. 
II.System and Channel Models

. The ED model
The ED pattern can be assumed to be the binary hypothesis-testing problem in Eq.(1) to determine the absence or presence of unknown wireless signal ( 0 H :signal is absent; 1 H :signal is present) [1] 
where () yt denotes the received signal, () nt is zero-mean complex additive white Gaussian noise (AWGN), h denotes the wireless channel gain, () st is the transmitted primary signal. By denoting the time bandwidth product as u TW  , T is time interval and W is the single-sided signal bandwidth, the received signal test statistics follow that, (2 ); Accordingly we could compute d P and f P as, 
where 1 u I  is the first kind modified Bessel function with the order 1 u  which is defined by
The   channels model
The , the corresponding p.d.f. is given by Ref. [19] as, 
then Eq. (7) can be expressed with Eq.(10) as, 
Average probability of detection
the novel analytical Marcum Q-function in
Ref. [34] [35] can be expressed as, 
where 11 ( ; ; ) F a b x is the Kummer's Confluent Hypergeometric function [37] , substitute Eq. (16) into Eq.(12) we get,
performing generalized integral transformation for Eq. (17), we obtain,
then we get, 
is the Pochhammer symbol [37] . We define ( 
where we have, 
Bessel function of the second kind. Stated thus, the detection probability of composite   shadowed channels can be expressed with
Ref. [11] [12] [13] [15] [16] [20] [21] [22] [23] 
operating simply Eq.(25), we can obtain as, (1 ) exp( )
) / 1 
IV. Analysis of Truncation Error
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V. Numerical Results
Having derived the novel analytic expressions for the average probability of detection, this section is devoted to the specific analysis of the behavior of ED over composite   Shadowed channels with MATLAB, MAPLE and MATHEMATICA [42] . The corresponding performance is evaluated for different scenarios of interest through average detection probability d P versus  , in addition, the effect of the fading parameters and the observation time bandwidth product on the value of detection model list above is numerically quantified. For this reason, Fig.1 to Fig.4 illustrate composite   shadowed/IG distribution for 10   , 1   [43] and different fading values. As can be see, Fig.1   is nearly 160% higher than the case for 6   . Likewise, in Fig.3 it is explicitly revealed that d P is not sensitive when  is 0 to 9, but severe variations for 9   to 13   when 6   , moreover, on a basis of comparing the two fading parameters on detection probability, it is evident that the impact of  is more significant than the effect of  , furthermore, when 6   , the d P could be availably improved for selecting appropriate fading parameters. Finally, Fig.4 
VI. Conclusion
This work is devoted to the formulation and 
